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APPARATUS AND METHOD FOR JOINING 
DISSIMILAR MATERIALS TO FORM A 
STRUCTURAL SUPPORT MEMBER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The following US. Patent Applications by the same 
inventor, Elbert L. McKague, Jr. are being simultaneously 
?led and incorporated herein by reference: US. Patent 
Application entitled “Apparatus And Method For Controlled 
Damage Of Conformable Materials”; US. Patent Applica 
tion entitled “Composite Structural Panel With Undulated 
Body”; and by the same inventor together With inventors 
Ronald P. Schmidt and David T. Uhl, US. Patent Applica 
tion entitled “Composite Material Support Structures With 
Sinusoidal Webs And Method Of Fabricating Same”. 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates in general to an improved 
structural member, and in particular to an improved struc 
tural beam, made by joining dissimilar materials. Still more 
particularly, the present invention relates to a structural 
composite preform for joining the Web of a structure With 
?anges formed from dissimilar materials. 

2. Description of the Prior Art 
Structural support spars or I-beams typically have an “I” 

or “H” shaped cross-section, having a Web With a crossbar 
or ?ange on each end of the Web. The Web and ?anges 
extend integrally doWn the length of the beam, but may vary 
in shape, thickness, materials, etc. For example, one type of 
beam has a Web formed from a ?rst material (such as a 
metal) and ?anges formed from a second, dissimilar material 
(such as a composite material). This type of beam has been 
pursued through a variety of design and manufacturing 
approaches since these structures offer the potential of 
providing excellent stiffness and strength-to-Weight perfor 
mance. 

Prior approaches to joining dissimilar materials such as 
metals and composites have generally relied on mechanical 
fastening if the tWo elements are at an angle. As shoWn in 
FIG. 1, a spar 11 having an inverted T-shaped metal panel 13 
With a ?ange 15 is joined to a ?at composite plate 17 With 
mechanical fasteners 19 such that metal panel 13 and 
composite plate 17 are perpendicular to each other. In such 
an arrangement, metal panel 13 must have ?ange 15 to 
enable fastening to composite plate 17. Moreover, the neces 
sity of having ?ange 15 on metal panel 13 adds considerable 
cost to its fabrication since ?ange 15 signi?cantly increases 
the volume of metal that must be purchased and then 
machined aWay. In addition, mechanical fastening involves 
drilling and countersinking holes, installing fasteners and, in 
some cases, treating the fastener heads to achieve a desired 
surface smoothness. These steps are expensive and can 
contribute an additional 25% to 60% to the overall cost of 
the spar assembly. Thus, an improved apparatus and method 
for forming a structural support member by joining dissimi 
lar materials at an angle is needed. 

SUMMARY OF THE INVENTION 

A preformed component or “preform” for a structural 
support beam has a planar base With tWo longitudinal legs 
extending in parallel therefrom. A channel is de?ned 
betWeen the legs of the preform, and a ?at panel that forms 
the Web of the structural support beam is inserted into the 
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2 
channel. The preform is a composite material having con 
tinuous ?laments of Woven or braided ?ber. The preform is 
impregnated With a thermoset resin that joins and bonds the 
Web to the ?ange of the structural support beam. The 
preform provides excellent structural support even if the 
Web and the ?ange are formed from dissimilar materials 
such as metal and composite. The resin is structurally 
reinforced With oriented ?bers in such a manner as to 
provide coupling strength betWeen the joined members. 
When a single ?lament is chosen for the preform, its 

properties are selected to minimiZe the difference in thermal 
expansion coef?cients of the metal Web and the composite 
?ange. HoWever, the preform may have tWo or more types 
of ?laments With different properties. The ?lament in the 
base of the preform is chosen such that its axial thermal 
expansion coef?cient matches that of the composite ?ange. 
The ?lament in the legs of the preform is chosen such that 
its axial thermal expansion coef?cient matches that of the 
metal Web. These ?laments are used in combination to 
provide coupling strength betWeen the joined metal Web and 
composite ?ange by having the best structural ?ber oriented 
parallel to the legs of the preform, and by its being inter 
Woven into the base of the preform. 

The foregoing and other objects and advantages of the 
present invention Will be apparent to those skilled in the art, 
in vieW of the folloWing detailed description of the preferred 
embodiment of the present invention, taken in conjunction 
With the appended claims and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the features, advantages and 
objects of the invention, as Well as others Which Will become 
apparent, are attained and can be understood in more detail, 
more particular description of the invention brie?y summa 
riZed above may be had by reference to the embodiment 
thereof Which is illustrated in the appended draWings, Which 
draWings form a part of this speci?cation. It is to be noted, 
hoWever, that the draWings illustrate only a preferred 
embodiment of the invention and is therefore not to be 
considered limiting of its scope as the invention may admit 
to other equally effective embodiments. 

FIG. 1 is an isometric vieW of a conventional, prior art 
spar formed from dissimilar materials. 

FIG. 2 is an isometric vieW of a structural preform 
constructed in accordance With the invention. 

FIG. 3 is a sectional end vieW of the structural preform of 
FIG. 2. 

FIG. 4 is an exploded, isometric vieW of the structural 
preform of FIG. 2, a composite ?ange, and a metallic Web. 

FIG. 5 is a schematic end vieW of the preform, ?ange, and 
Web of FIG. 4 during fabrication. 

FIG. 6 is an exploded, isometric vieW of an alternate 
version of the structure of FIG. 4, a metallic ?ange, and a 
composite Web. 

FIG. 7 is an end vieW of a beam constructed from the 
components of FIG. 4 in accordance With the invention. 

FIG. 8 is an end vieW of an alternate embodiment of a 
beam constructed in accordance With the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIGS. 2 and 3, a preformed component or 
“preform” 11 for a structural support beam is shoWn. When 
vieWed from the end or in cross-section, preform 11 
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resembles the Greek letter at or “pi” having a longitudinal 
crossbar or base 13 With tWo longitudinal legs 15, 17 
extending therefrom. A groove or channel 19 is de?ned 
betWeen legs 15, 17. Preform 11 is a composite material that 
is formed by Waving or braiding continuous bundles or 15 
toWs of structural ?bers 21 (FIG. 2). The toWs of ?bers 21 
are oriented to extend continuously throughout each seg 
ment of preform 11 including base 13 and legs 15, 17. The 
?ber preforms may be formed to provide any desired ?ber 
architecture needed to impart chosen load-carrying capabil 
ity and to accommodate any desired Web panel thickness. 
Preform 11 may be impregnated With a suitable thermoset 
resin that acts as an adhesive to bond together tWo dissimilar 
materials. The resin is structurally reinforced With the ?la 
ments and/or ?bers oriented in X, y, and Z directions in such 
a manner as to provide coupling strength betWeen the joined 
members. 

Alternatively, preform 11 may be unimpregnated so that 
resin may be infused at a later step of the overall manufac 
turing process. In the latter embodiment, preform 11 is 
constructed by Weaving or braiding the ?laments in such a 
Way that the process is not inhibited. After curing, preform 
11 may be machined as needed by an appropriate method to 
provide desired edge straightness, smoothness, and dimen 
sional control. Another description of preform 11 is con 
tained in Us. patent application Ser. No. 09/648,488, and is 
incorporated herein by reference. 

Referring noW to FIG. 4, preform 11 is used to join a ?at 
metallic panel 31 to a ?at composite plate 33 at an angle. 
Metallic plate 31 has a Zone 32 that is prepared for bonding 
to preform 11. Preparation may be any suitable, established 
method appropriate to the selected metal alloy, such as 
chemical etching. The composite may also be prepared, in 
the Zone to be mated With the preform, by a suitable method 
such as removal of a peel ply. In the embodiment shoWn, 
metallic panel 31 forms the Web of a structural support 
member, composite plate 33 forms the ?ange thereof, and 
the angle is perpendicular. HoWever, composite plate 33 may 
form the Web of the spar With metallic panel 31 as the ?ange 
of the spar, and the angle betWeen the members may be acute 
(see FIG. 8). The members can be joined at other angles 
relative to each other because the ?brous preform 11 is 
?exible prior to curing the resin. In FIG. 8, a beam 71 has 
upper and loWer composite ?anges 73, 75 that are inclined 
at a non-orthogonal angle relative to Web or metallic panel 
77. The bases 79 of the preforms 81 are substantially ?at and 
parallel relative to ?anges 73, 75, While the legs 83 of 
preforms 81 are inclined at the non-orthogonal angle relative 
to bases 79. These concepts are not limited to I-beam type 
structural support members, but may be readily adapted for 
use in beams having other shapes as Well, such as U-shaped, 
C-shaped, L-shaped, or Z-shaped beams, depending on the 
application. 

During assembly, one of the longitudinal edges of metallic 
panel 31 is fully inserted into channel 19 of preform 11 until 
it bottoms out as shoWn in FIG. 5 or is appropriately close 
to bottoming out. The tWo legs 15, 17 closely receive and 
straddle the thickness of panel 31. The vertical sides or edges 
of panel 31 are not attached to preform 11. Next, a composite 
plate 33 of appropriate thickness, ?ber orientation, and 
geometry is positioned against the base 13 of preform 11 
opposite panel 31 to create a crossbar or ?ange for the 
structural support member. Composite plate 33 may be 
either cured or uncured, but in the preferred embodiment of 
the invention, it is already cured to provide the desired 
con?guration and dimensional tolerances in order to sim 
plify the assembly tooling that is required. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
The fastenerless assembly of the metallic and composite 

elements also may be accomplished via the folloWing steps. 
(1) The base 13 of the uncured, resin-impregnated preform 
11 is placed at the desired joining location onto the base 
plate or panel (usually composite plate 33) after it has been 
suitably cleaned or prepared for bonding. (2) Using appro 
priate ?xtures, the metallic panel 31 is placed in channel 19 
of uncured preform 11 at the desired angle relative to 
composite plate 33. (3) Appropriate boundary tooling, such 
as conventional molded shapes of silicone rubber or other 
suitable pressure intensi?er/transmitter 35 (FIG. 5), is posi 
tioned against each side of preform 11. (4) Vacuum bagging 
materials 39 are placed around the resulting assembly, sealed 
With sealant beads 37, and a vacuum is pulled under the bag. 
If the preform Was previously unimpregnated, a selected 
resin is infused therein. (5) The total structure is heated 
according to a thermal pro?le suitable for curing the ther 
mosetting resin that impregnates preform 11, thereby creat 
ing structural bonds that integrally link preform 11 to 
metallic panel 31 to create a desired structure. If desired or 
required, autoclave pressure can be simultaneously applied 
to provide compaction of preform 11 during cure of the 
resin. The resin and the maximum cure temperatures are 
selected to provide a cured glass transition temperature 
greater than the intended use temperature of the assembly. 
Alternatively, a resin can be used Which has a suitable 
chemistry, such as free-radical polymeriZation, so that an 
energetic beam of electrons can initiate and complete the 
cure (a process knoWn in the industry as electron beam 
curing). (6) FolloWing completion of the required cure cycle, 
the bagging materials and positioning ?xtures are removed, 
yielding a completed assembly. 

Alternatively, it should be readily apparent to one skilled 
in the art that all of the curable materials may be uncured at 
the time of assembly of metallic panel 31, preforms 11, and 
composite plate 33. After the respective components are 
assembled and placed in suitable tooling, the resin in pre 
form 11 can be injected in a resin transfer molding type of 
process, or infused by placing a thick layer of resin over the 
preform and applying a vacuum bag. Although this reduces 
the number of cure cycles required, it signi?cantly compli 
cates the assembly cure tooling requirements, thereby 
increasing both cost and risk. By still another means, a 
co-bonding of preform 11 With an uncured composite plate 
33 can be accomplished. Although the process Was 
described for only one end of panel 31, this series of steps 
may be performed simultaneously on both ends of panel 31 
to form the end product spar or beam 41 (FIG. 7). 

Depending upon the actual use temperature of the assem 
bly and the chemistry of the selected resin, it may be 
necessary to expose the assembly to resin cure temperatures 
as high as 350 degrees F. At such temperatures, the dimen 
sional groWth of each plate or panel 31, 33 is governed by 
its respective thermal expansion coef?cient. An aluminum 
panel 31, having an expansion coef?cient of approximately 
12 micro-inch/inch/degree F., Will expand by about 3300 
micro-inch/inch of length. In contrast, a composite plate 33 
formed from carbon ?ber impregnated With epoxy resin has 
negligible expansion. This difference in expansion imparts a 
signi?cant strain on the joined panel and plate 31, 33, 
thereby degrading the mechanical performance of the 
assembly and making it dif?cult to achieve the desired 
dimensional control of the assembly because of boWing 
induced by the thermal mismatch. In the legs 15, 17 of 
preform 11, an axial ?ber having a thermal expansion 
coef?cient much closer to that of aluminum panel 31 Would 
reduce the amount of strain built into the assembly by the 
curing operation. 



US 6,374,570 B1 
5 

In FIG. 6, an alternate embodiment depicts a preform 51 
having tWo (or more) types of ?laments and/or ?bers having 
different properties. Base ?lament 53, Which is oriented 
parallel to the length of the preform, is chosen such that its 
axial thermal expansion coef?cient matches that of compos 
ite plate 33 as closely as possible. Leg ?lament 55, Which 
also is oriented parallel to the length of the preform, is 
chosen such that its axial thermal expansion coef?cient 
matches that of metallic panel 31 having bonding Zone 32 as 
closely as possible. Filaments 53, 55 are used in combina 
tion to provide coupling strength to the joined metallic panel 
31 and composite plate 33 by being oriented parallel to the 
legs 57, 59 of preform 51 (in the direction of arroW 61), and 
by being interWoven into the base 63 of preform 51. The 
?ber or ?lament 53 chosen to provide coupling strength is 
oriented orthogonal to the ?ber and/or ?laments 55 chosen 
for thermal expansion characteristics . These orthogonal 
?bers 53 traverse the Width of preform 51, folloWing its 
shape back and forth in a manner resulting from Weaving of 
Woof ?bers, i.e., those ?bers Which are perpendicular to the 
lengthWise direction of the preform. 

The extent and pattern, if any, for blending the tWo axial 
?bers 53, 55 in the area Where the legs 57, 59 intersect base 
63 are determined on an application-speci?c basis through 
analysis and/or empirical methods. When a single ?lament is 
chosen for preform 51 (FIG. 4), its properties are selected in 
order to minimiZe its difference in thermal expansion coef 
?cients With metallic panel 31 and composite plate 33. 
HoWever, in all cases the ?laments are oriented parallel to 
the axis and continuous length of the preform. 
An example of ?lament or ?ber selections Would be 

E-glass® or S-glass® ?bers for the axial direction of pre 
form 11, and high strength carbon ?bers such as Hexcel 
AS4® or Toray T300® for the coupling strength direction 
(parallel to the vertical direction of legs 15, 17). Glass ?bers 
provide a thermal expansion coef?cient on the order of 6 
micro-inch/inch/degree F., Whereas carbon ?bers have an 
expansion coefficient near Zero. Thus, glass ?bers are a 
better thermal strain match With aluminum than With carbon 
?ber. Alternatively, metallic ?laments in the axial direction 
impart a smaller difference in thermal strains betWeen the 
legs 15, 17 of preform 11 and metallic panel 31. High 
modulus carbon ?bers such as Hexcel IM7® or Amoco 
T600® may be used for the coupling strength direction, 
Where the total distance over Which strain differences are 
multiplied is very small. 

During the cure of the resin, temperature is controlled so 
that the resin gels at as loW a temperature as is practical. This 
step is folloWed by a sloW rise in temperature to levels 
necessary to achieve the required glass transition tempera 
ture of the cured resin. Gelling the resin at a loWer tempera 
ture aids the establishment of a stress-free temperature point 
that is loWer than that required to achieve the needed glass 
transition temperature. The rise in temperature after gella 
tion must be very sloW so that resin cross-link density is 
increased at such a rate that increasing levels of thermally 
induced strain does not break doWn the tender bond. After 
completing the maximum temperature dWell, cool doWn 
preferably occurs at as sloW a rate as practical until a 
temperature is reached that is at least 50 degrees F. loWer 
than the gellation temperature. This sloW cool doWn alloWs 
some relaxation to occur in the polymer and helps to 
preserve the loWest possible stress-free temperature. The 
difference in stress-free temperature and ambient 
temperature, multiplied by the difference betWeen thermal 
expansion coef?cient of metallic panel 31 and that of the 
axial ?bers in preform 11, determine the amount of 
thermally-induced strain in the resulting assembly. 

10 

15 

25 

35 

45 

55 

65 

6 
The present invention has several advantages. Woven or 

braided pi-shaped preforms join metallic and composite 
plates or panels at angles relative to each other Without the 
use of mechanical fasteners. The preforms provide much 
greater strength than conventional adhesive bonding tech 
niques While simplifying and reducing the cost of manufac 
turing. The present invention does not require drilling, 
countersinking, fastener installation, or fastener head treat 
ments. Whereas mechanical fastening involves incremental 
Work progressing along the joint length, the present inven 
tion treats the entire joint in one step. This enables a very 
large reduction of 20% to 55% in the total cost of the 
assembly. In addition, the present invention is also lighter in 
Weight than prior art solutions because the resin 
impregnated preform Weighs less than the number of fas 
teners that Would be required to provide an equivalent 
strength joint. Moreover, the metallic member can be a ?at 
plate or panel Without a ?ange, thereby signi?cantly reduc 
ing the cost of fabricating the metal detail for many 
complex, high performance structures such as those used for 
aircraft. 

While the invention has been shoWn or described in only 
some of its forms, it should be apparent to those skilled in 
the art that it is not so limited, but is susceptible to various 
changes Without departing from the scope of the invention. 
What is claimed is: 
1. A structural member, comprising: 
a Web formed from one of a metallic material and a 

composite material, the Web having a pair of longitu 
dinal edges extending in an axial direction; 

a ?ange formed from the other of the metallic and 
composite materials; 

a preform formed from composite materials and having a 
base With a pair of axially elongated legs extending 
therefrom to de?ne a channel therebetWeen, Wherein 
the preform is formed from ?laments that extend 
through the base and legs; and Wherein 

one of the longitudinal edges of the Web is bonded in the 
channel of the preform and the ?ange is bonded to a 
surface of the base of the preform. 

2. The structural member of claim 1 Wherein the axial 
?laments minimiZe a difference in thermal expansion coef 
?cients of the Web and the ?ange. 

3. The structural member of claim 1 Wherein the preform 
has a pi-shaped cross-section. 

4. The structural member of claim 1 Wherein the axial 
?laments are oriented parallel to an axial, continuous length 
of the preform. 

5. The structural member of claim 1 Wherein the ?ange 
and the base of the preform are inclined at a non-orthogonal 
angle relative to the Web. 

6. The structural member of claim 1 Wherein the preform 
is impregnated With a thermoset resin that acts as an adhe 
sive to bond together the Web and the ?ange. 

7. The structural member of claim 6 Wherein the resin is 
structurally reinforced With ?bers to provide coupling 
strength betWeen the Web and the ?ange. 

8. The structural member of claim 1 Wherein the preform 
has a ?rst type of axial ?lament in the base, and a second 
type of axial ?lament in the legs. 

9. The structural member of claim 8 Wherein the ?rst and 
second types of axial ?laments are blended in an area Where 
the legs intersect the base. 

10. The structural member of claim 8 Wherein the ?rst 
type of axial ?lament has an axial thermal expansion coef 
?cient that substantially matches an axial thermal expansion 
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coef?cient of the ?ange, and wherein the second type of 
axial ?lament has an axial thermal expansion coefficient that 
substantially matches an axial thermal expansion coef?cient 
of the Web. 

11. A structural member, comprising: 
a Web formed from one of a metallic material and a 

composite material, the Web having a pair of longitu 
dinal edges extending in an axial direction; 

a ?ange formed from the other of the metallic and 
composite materials; 

a generally pi-shaped preform formed from composite 
materials and having a base With a pair of axially 
elongated legs extending therefrom to de?ne a channel 
therebetWeen, the preform being formed from axial 
?laments that extend through the base and legs, 
Wherein the axial ?laments are oriented parallel to the 
axial direction and a continuous length of the preform, 
and the axial ?laments minimiZe a difference in thermal 
expansion coef?cients of the Web and the ?ange; and 
Wherein 

one of the longitudinal edges of the Web is bonded in the 
channel of the preform and the ?ange is bonded to a 
surface of the base of the preform. 

12. The structural member of claim 11 Wherein the ?ange 
and the base of the preform are inclined at a non-orthogonal 
angle relative to the Web. 

13. The structural member of claim 11 Wherein the 
preform is impregnated With a thermoset resin that acts as an 
adhesive to bond together the Web and the ?ange. 

14. The structural member of claim 13 Wherein the resin 
is structurally reinforced With ?bers to provide coupling 
strength betWeen the Web and the ?ange. 

15. The structural member of claim 11 Wherein the 
preform has a ?rst type of axial ?lament in the base, and a 
second type of axial ?lament in the legs, and Wherein the 
?rst and second types of axial ?laments are blended in an 
area Where the legs intersect the base. 

16. The structural member of claim 15 Wherein the ?rst 
type of axial ?lament has an axial thermal expansion coef 
?cient that substantially matches an axial thermal expansion 
coef?cient of the ?ange, and the second type of axial 
?lament has an axial thermal expansion coef?cient that 
substantially matches an axial thermal expansion coef?cient 
of the Web. 
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17. A method for fabricating a structural member, com 

prising the steps of: 
(a) providing a Web formed from one of a metallic 

material and a composite material and having a longi 
tudinal edge extending in an axial direction, and a 
?ange formed from the other of the metallic and 
composite materials; 

(b) forming a preform from composite materials, the 
preform having a base With a pair of legs extending 
therefrom to de?ne a channel therebetWeen, Wherein 
the preform has ?laments that extend through the base 
and the legs; 

(c) positioning boundary tooling on the preform, Web, and 
?ange and heating the structural member; 

(d) bonding the longitudinal edge of the Web in the 
channel of the preform such that the legs of the preform 
closely receive the Web; and 

(e) bonding the base of the preform to the ?ange to form 
a structural member. 

18. The method of claim 17 Wherein steps (d) and (e) 
comprises heating the Web, ?ange, and preform to create 
structural bonds therebetWeen. 

19. The method of claim 17, further comprising the step 
of impregnating the preform With a thermoset resin. 

20. The method of claim 17 Wherein the preform of step 
(b) is unimpregnated, and further comprising the step of 
infusing or injecting the unimpregnated preform With resin. 

21. The method of claim 17, further comprising the step 
of applying autoclave pressure to provide compaction of the 
preform. 

22. The method of claim 17, further comprising the step 
of curing said one of the Web and the ?ange formed from the 
composite material. 

23. The method of claim 17 Wherein step (c) comprises 
placing a sealed pressure intensi?er over the preform inside 
a vacuum bag. 

24. The method of claim 17, further comprising the step 
of inclining the Web of the preform at a non-orthogonal 
angle relative to the ?ange and the base of the preform. 

* * * * * 


